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lb£ ^odfor« 

propagation by writing low loss waveguides in ^^,1™^ " Vmefenbly both arms 
Waveguide is formed by P«*W » ^^S^^^K ft« space part of 
of a waveguide system and launching an ££35 - P°*" ive ^dex change, until 

^in panicular, two applications are 

devices, and low loss coupling of T.bers having ^^g^^S^ dn/dT 

A method for low rost ^^^^ ^m^nSf a filling photosensitive 
waveguide is formed in a region of ^^^^Xn^^Lp^i groove etched 
polymer through the arrayed waveguides. ^^.^^1 is , aunch ed into both the 
out of the array that is filled w«h a P h ^^X^uJeVa differential cure in the 

factor of 3 or more across a 150 micrometer wide reg.on. 
S^^arwave^^^ 

based glasses show a significant WJ»*« ^ dS relies on designed OPL 

variations in optical path length m ^fto****^ ^Ste ^ band foj* Hg ht source into 
differences in the array to effect a gratmg and separate a singie or waV elength 
several narrow band channels. ^^^^^^^ — CTE and dn/dT 
position arises from optical path length shifts with teniperaru CO mpared to 

of the glass. Hie center channel * ^ ^ actively controlled 

^irSS.^ WDM devices ^ NoX^^^ * » 

temperature dependent phase shift ^^^^^^^rn^l have 
etch a groove in the phase array reg.on and _ fjllit with <zn opuc y j th h each 

large negative dn/dT.' The dimensions of the groove are such mat iig P E • s J ^ 
! J[ of the phase array is compensated by istro m W elements of the optical 

so that the thermally induced ^ *^£*25 tatfh effects have been presented. M 
design to compensate for thermally derm* o P t,c^ ^P a *S 0 „ though the free space region 
The key issue is that the groove reg.on ,. s possible, 3 but with the 

frl on. anther. An extreme example » .he «*pta»<£ « Jf^*. T.ber Conventional 




reou.res .he ,wo optica, fiber, .0 b. ac«ive„ aHgned near a S ub S ,r».e .he ends sepanued by 
between 5 ^ ^ ^ jn ^ ** «B* 

shor, [»•"• X^rbS^"wSde 

structures at the end of optical fibers . 

Eei3il ^S^ocess disclosed for making the tow loss coupling of waveguides separated 
by a "free-space" gap is schematically shown here. 

1 . Fill groove or gap with liquid self-guide monomer 




2. Couple UV light from both ends 




3. Expose top surface wjth UV 




4. Post-bake (1 00- 1S0C) 




Refractive index 



in the case of an athermaliied phasar device the if 
po ymer fi.led groove between the two silica to the 

intended to dramatically reduce the --rt'on Joss and J^^^Ttwo optical fibers 
device operating with free space P^^^^^^^^i^ Joove is irradiated by 
are coupled to the input and output waveguides so that the polymer in tne g 




. . fhpl jv beam is launched into the individual 
UV from both sides simultaneously. In a phasar, tne u ^ ^ from 

arms of the phase array through the slab ^^Jy^the intensity profile of the guided 
both sides of each arm in ^.^^^^^La region the index is higher than ,n 
beam initiates photopolymenzation. ^ ^.P^Xdrically symmetrical waveguidmg region that 
the surrounding region. The fimd 1^^^^*. across the polymer filled gap. 
improves the optical coupling between the two sri ^ a J a ^ ,. wrUes a wavegu ide between two 
P The process disclosed for ma^ 

aligned fibers. The polymer is ^^^^ region. Optimally, the UV is 
curing technique was used to ] cure th e p hotopol « P irradiated by uv frombot h sides 
launched through both optica fibers so btb ^g^f^ tam overlap and the intensity 
simultaneously. As the UV light exits ^^^erized region the index is higher than m 
profile initiates I******^^ symmetrical waveguiding region that 

™» 

to light a high index (core)region » ^J^* a loW er inSex (clad) region. The 
change. Subsequent curing reacts then*tot mei m (pre ferably as large as 

polymer material must be chosen such ^ ^ "SB/cm), and the ability to induce a 
Possible, but >2xlO-VC) T^XTS^^iS^Ui a core index near 1.455 at 1 550 nm. 
Sgnificant index change ^^J^^^^ phot oexposure due to densification of the 
Most UV curable polymers devd bp "^J^ commercially available optical adhesive 
polymer. In some of the examples in tins ^ d,s ^ SU ^) were emp , oye d. These are not optimal 
polymers such as Norland 81 N K f ^f^^^^oexposure or thermal exposure. A 
since the induced effect can be bleached by P n ° J is deve i ope d during the UV 

preferred polymer, in which ■ J"™«^2£ SmSS. *is composition three 
exposure of the polymer, was f^^J^S^te formation of the core/clad structure, 
components were mixed into the ^^^fluorinated low refractive index solid 
The first component (I) is a cauomc P^SdL^ie to its slow reactivity during the UV 
polymer. This material enriches the ^^^SnTfloariiiaied structure, it is expected to 
curing process at room temperature. Due to its nigmy tni of ^ formu iation. 

Sifyphase separate from the hydrocarbon ^^^aveguide boundary. The second 
This drives the diffusion P^^^^^^ve hydrocarbon liquid monomer, 
composition (II), therefore, ,s a ^^^TZn^ in the path of the UV beam because of 

polymer is an interpenetrating polymer network U™£ compositionally stable core/clad 

P y Specifically, the polymer formulation ^^^^-^ acrylate/glycidyl 

structure, was formulated ^^^^"^^1^^^ int ° 1 5 S •„ , 

methacrylafccopolym^ at 1550nm) ^ 0 .3 g rfycdyl 

butanediol dimethacrylate (RI = l^u- » 1 ai 1 ° . < : nit iator (triaryl sulfonium 
Lhyacrylate on the hot plate. Then 2 '^^^SL^ added into the liquid 
hexafluoroantimonate salts) and 21 mg radical^ initial v fiber Aftef cunng 

formulation. The clear solution was ; coated aUhe end of SM ^P ^ at 150 . c fo , 5 

^tS^re^ 
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range of 30-140 °C. The average refractive index at 20 C is 1 .wi- 

'^^S^gSS^S *.. » write . waveguide between .wo single nnode SME28 
fibers F^rs, the n^rswere stripped of the coating and cleaved^ Next, the cleaved fibers were 

between the two fibers. 1» resulting written wavegutde regton 

!S ^"e d^^mproved optica, coupling between two fg»£g£Z 
end-finngcuringtec^^ 

S£BS wS^wS SSZTlL was 1 .3,dB, an improver™, of 3.<dB. 

^"" ^mp^CwTglS^pTu yed was to write a waveguide in a groove between 
two armTo? .Xi wa^guiS A polymer was .oaded into ,h. groove and was c^tenzed for 

initiated which involved the following steps: . 

iTSSuie with a flooded low power UV source to increase visc^ty 

2) End-fire cure through the waveguides with 365nm light coupled through SMF 28 fiber, 

- determine the waveguide efficiency in reducing loss 

from the free space propagation value. 




Several experiments using the end-fire curing process to write wavegu.des polymer 
filled groove interrupting straight planar waveguide are presented here which succeeded in 
demoSng neSJ total elimination of diffraction loss. A LOC 57 device was used where 60 
sS^veguides; 2.2 cm long with a pitch of 40 microns, were interrupted with a deep etched 
uSnS J grofve. Tne groove afthe wide end measured 140 microns w.de and at the narrow end 
n^iureS 20 microns wide. The difference in the gap in the groove that each successive ^ 
v^vtSde passes through is 2 microns. The geometry the device is shown below. Freeze 
p^opaTarTon through the groove causes a gap width (G w ) dependent loss which for an index oil 

filled groove follows the empirical relation: nM nxnfr ifi..rW> 

Loss,= (Coupling Loss) + (Propagation Loss)*, + 0.047dB (G w - 16 pin). 
If a waveguid^tten StwL the inputs and outputs then the total loss should be independent 

of the groove width. , 

Loss wa ve g uicJe= (Coupling Loss) + (Propagation Loss) wav eg«ide. 



Waveguides 




Groove 



-z. 



When and experiment was run, the power transmission was measured for close coupled optical 
Suit before^ after the writing of a waveguide. The improvement in power transmission was 
compared to the gap width dependent loss to deterrrdne the efficiency of the- .aveguide^ FoMhe 
devices presented in this work, the coupling loss + Propagation loss is 0 ? 8 dB +/- 0.3 dB, based 

°" w h |cn successfully to = hat 

a single end-fire cure process could coincidental^ write wavegu.des across each of the arms ,n a 

phase array. 

ExamDles* Waveguides in Groove . 

r Several examples of varying process conditions to write waveguides in the groove 

indicate the process parameters, and potential for this technique. The pre-cure stop w^ found to 
be crucial to achieving low loss. A groove was filled with commercially ; ^liable UV 3O00 
oDtical adhesive With a pre-cure time of 0 seconds a waveguide was written by end-firing for 
SS L^The waveguide was well resolved, but was highly distorted , F^n^tang 
from convection currents causing flow in the low viscosity clad region during the cure of the 
core No reduction in loss for the waveguide was measured. Figure 3 shows a sample with more 
optimal pr^ure conditions, using Norland 63 optical adhesive in the groove. Thus po ymer cures 
faster than the UV 3000, and was pre-cured for 8 seconds, and then end-fire cured for 1 20 
s^onds with resulting improvement of 2.7dB from the original gap dependent loss of 3.6 dB. In 
Ms case me waveguide foVmed is straight and confined. Figure 4 shows an example of a sample 
J^^^belb«.end.|irinJ The groove was filled with Norland 181 curing, 
aTd was pre-cured for 30 seconds and end-fire cured for 20 minutes. Here a bowtu paUerr x 
formed m the polymer, showing the UV beam divergence across the entire gap width from both 
wa^ndes. The loss improvement measured in this example was 0.7dB relative to a gap width 
dependent loss of 4.8 dB. 




was used to form low loss wavepndes ; that ^ig^S to 600 seconds. The sample 
processed by coincident fl ?^/» um '^ Figure 5 shows a waveguide formed 

was then heated to 100 C for 1 hour to measured for this example 

with the 300 second cure, throu^ 




Improvement 



Process 



none 



End cure only 



pre-cure 
Kndcure 20 min 



Pre-cure 8 seconds 
End cure 60 seconds 



Co-cure top and end 
300 seconds 



Finallyaphasarwasatt^ 
The major difference with this device compared to those ^pre viousy & slab 

the Wsource is launched into the "put and^u ^^'^Lay, a group of 50 to 100 
waveguide with free space^ P ro P a ? at, ° n ^ So for a given incident power the 

waveguides that perform the gratmg *"^J^^ about 1 to 5% of the original power, 
actual UV signal crossing any one path a "°/^ e ^; e r l i a on flll ed with Norland 63, and 
Figure 6 shows an optical micrograp ^^ n S e cSt^imize UV power coupling into the 
exposed fori hour using mulumode^ 

planar waveguides), with low f^ve with a well formed 

written with the single exposure at the w,de end ot the gr o ^ 

waveguide. No loss measurements were possible on the devtc ^ ^ 
measurement can not resolve the low power of ^^^™S to cure a phasar with the Fl 
stability of the optical adhesive -vegu'de^are waveguides in the 

a fundamental limitation. 

ruw Applications ■j.„»i„t*H in resDonse to needs arising from 

The process described here was developed ini response to ^ 

athermali Jon of phase array WDM case of the phasar 

that a low cost process is used and low opines L^ e output wavelength positions. In fiber to 
devices this technology could be used to a t^™* 1 * flbers w * ith sig „ificantly different 
fiber splicing this technique can be W Ho .coup el ght betw^ ^ ^ can 
material properties, where fusion ™J i^nrion. Thermo-optic devices made by 




pass would have to be addressed. Also the potential of reducing coupling loss in fiber to fiber 
bondrwhere the two fiber have poor mode field match characteristics could have significant 



utility. 
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Figure 1. PregelTedNOA81 adhesive between SMF28 fibers before endfire curing. 





Figure 2. Waveguide between two fibers after endfire curing. 
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Figure 3. Micrograph showing waveguide in groove with excessive pre-cure. Note 
"bowtie" shape of guides. 







Figure 4. Micrograph showing waveguides in groove written in Norland 63. Loss 
reduction from 3.5 dB to -.9 dB. 





Figure 6. Waveguides in phasar groove written in Norland 63. Sample was rriade with 
one end-fire cure through a single input. Note that all 10 waveguides in phase array have 
well defined waveguides in the groove. No loss measurements available. 




